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Purpose. Endoscopic ultrasound (EUS) permits the detailed visualization of clinically signiﬁcant features of portal hypertension;
however, it is an invasive procedure that is not widely available. The aim of this cross-sectional study was to determine whether
a correlation exists between the features of portal hypertension detected using both Doppler ultrasound and EUS in subjects
with liver cirrhosis. Materials and Methods. Analyzed cohort included 42 patients who underwent a detailed Doppler ultrasound
focusing on the parameters of blood ﬂow in the portal/splenic vein as well as an endoscopic/EUS procedure that included the
assessmentofthesizeandlocalizationof“deep”varices.Results.Thesizeof“deep”oesophagealvaricesdetectedwithEUSexhibited
no correlation with the parameters assessed by Doppler ultrasound. However, the size of the “deep” gastric varices detected using
EUS correlated with the time averaged maximum velocity (Tmax as well as Vmin,V max) for the portal vein using Doppler ultrasound
and exhibited a correlation with the Vmax and Tmax for the splenic vein. No signiﬁcant correlation was determined between the
diameter of the azygous vein and the thickness of the gastric wall when seen on EUS versus the parameters measured with Doppler
ultrasound. Conclusion. EUS provides important information regarding the features of portal hypertension, and in the case of
“deep” oesophageal varices exhibits a limited correlation with the parameters detected by Doppler ultrasound. Thus, despite its
invasiveness, EUS is a method that provides a reliable and unique assessment of the features of portal hypertension in patients with
liver cirrhosis.
1.Background
Endosonography (EUS), a combination of both endoscopy
and ultrasound, is a helpful tool for the assessment of portal
hypertension in patients with cirrhosis [1–3]. However, gas-
troduodenoscopy remains the method of choice in the diag-
nosisofvariceseventhoughitonlyallowsforthedetectionof
varicesofextrinsic(superﬁcial)circulationoftheoesophagus
and stomach. EUS has a signiﬁcantly higher sensitivity re-
garding the diagnosis of portal hypertension in comparison
to gastroduodenoscopy and permits visualization of collater-
als belonging to intrinsic (deep) venous circulation, which, if
large, can signiﬁcantly increase the risk of variceal bleeding
[4–6]. Unfortunately EUS is an invasive procedure and re-
mains not widely available [7–11]. On the other hand, Dop-
plerultrasoundisanoninvasivemethodthatprovidesprecise
information regarding blood ﬂow in major vessels of the ab-
domen [12]. Doppler ultrasound is frequently used for the
assessment of this aspect of portal hypertension. However,
the potential relationship between the EUS and Doppler ul-
trasound results concerning portal hypertension have yet to
bestudied.Theaimofthiscross-sectionalstudywastoestab-
lishwhetherthefeaturesofincreasedportalpressuredetected
with EUS show any correlation with the ﬁndings detected
using Doppler ultrasound.2 Gastroenterology Research and Practice
Table 1: Demographic and clinical data of examined patients with
liver cirrhosis (n = 42).
Age years (mean ± SD) 54 ± 12
Gender (M/F) 23/19
Etiology:
(i) Viral and alcohol (n, %) 29 (69)
(ii) Autoimmune (n, %) 9 (21)
(iii) Cryptogenic (n, %) 4 (10)
Child A (n, %) 15 (36)
Child B (n, %) 23 (55)
Child C (n,% ) 4( 9 )
2.MaterialsandMethods
Forty-two patients with cirrhosis referred to a tertiary liver
centre were included in this study. The diagnosis was estab-
lished on the grounds of liver biopsy and/or typical clinical
features and imaging studies. At the time of EUS the follow-
ing demographic and laboratory data were collected: age,
gender, etiology of liver disease, liver biochemistry, platelet
count, and Child-Turcotte-Pugh score (CTP score).
Allpatientssignedaninformedconsentformforthepro-
cedure. All examinations were done by two experienced en-
doscopists (AWK and PM), who had performed more than
a thousand EUS procedures each. Endoscopy and EUS were
performed as a single procedure using the GF-UMQ-130
echoendoscope (Olympus, Tokyo, Japan) at 7.5 and 12MHz.
Endoscopic features of portal hypertension were assessed
ﬁrst, followed by a detailed endosonographic examination
of the stomach and oesophagus. The following data as part
of the endoscopic examination were recorded: the presence
and grade of oesophageal varices and the presence and grade
of gastric varices. Oesophageal varices were graded as 0 =
absent, small (<5mm), and large (>5mm) according to the
most recent American Association for the Study of Liver Di-
seases (AASLD) guidelines. Gastric varices were graded as 0
= absent, 1 = small (<5mm), or 2 = large (>5mm).
The following data were collected during EUS examina-
tion: oesophageal and gastric varices and oesophageal and
gastric collateralveins (“deep varices”). A grade scaleof three
proposedbyuspreviously[3,11]wasusedfortheassessment
of “deep” varices depending on their size: grade 0: absent,
grade 1: small <5mm, grade 2: large >5mm. The diameter
of the azygos vein was measured within 2cm above the level
oftheZline,andthethicknessofthegastricwallwasassessed
in the gastric cardia region as already described [3].
Doppler ultrasound analysis was performed using the
Acuson XP unit (Acuson Mountain view, Calif., US) with a
curved array 3.5–5MHz transducer, and gray scale and color
Doppler images were obtained. During the color Doppler
examinations a low-volume ﬂow ﬁlter with a high degree of
motion discrimination was applied. Diameter, patency, and
ﬂow direction in the portal and splenic vein were assessed.
This analysis included minimal (Vmin) and maximal (Vmax)
Figure 1: “Deep” oesophageal varices (red arrows) on endosono-
graphic examination.
ﬂow in both analyzed vessels as well as Tmax (time averaged
maximum velocity).
Statistical analysis was performed with ANOVA, chi-
square, Yates, Fisher, and correlation coeﬃcients using the
StatView Program. P values < 0.05 were considered to be sta-
tistically signiﬁcant.
3. Results
Basic demographic and clinical data on study subjects are
summarized in Table 1.
Thesizeoftheoesophagealvaricesexhibitedacorrelation
with the diameter of the portal vein. In patients with grade
2 varices, this diameter was 13.6 ± 2.6mmascomparedto
11.1 ± 2.5mm(P = 0.008) in subjects who had no varices,
and11.4±2.4mm(P = 0.04)insubjectswithgrade1varices.
No statistically signiﬁcant correlation was seen between the
size of oesophageal varices and Vmin,V max,T a m xo fb o t h
portal and splenic veins. Regarding the gastric varices seen
on endoscopy, upon comparison of patients with grade 2
and grade 0 varices, the size showed a correlation with Vmin
(17.0 ± 8.7mmversus11.8 ±4.4mm, P = 0.004).
Data collected regarding the relationship between the
grade of “deep” varices and the parameters of Doppler ultra-
sound are shown in Table 2. No statistically signiﬁcant corre-
lation between the size of “deep” oesophageal varices and the
parameters recorded on Doppler ultrasound was seen. How-
ever, the size of “deep” gastric varices showed a correlation
with Vmin,V max, and Tamx for the portal vein.
Thecorrelation-coeﬃcientanalysisbetweenthediameter
of the azygous vein and the ﬂow parameters in the portal and
splenic veins showed no statistically signiﬁcant correlation.
Similarly, no signiﬁcant correlation was seen between the
thickness of the gastric walland these parameters. These data
aresummarizedinTable 3.Atypicalendosonographicimage
of large “deep” gastric varices is shown in Figure 1.Gastroenterology Research and Practice 3
Table 2: Summary of Doppler ultrasound ﬁndings in relation to the size of “deep” oesophageal and gastric varices in the liver cirrhosis
patients (n = 42). Data presented as mean ± SD. aP = 0.05; ∗P<0.05; ∗∗P<0.01 versus grade 0 varices.
Doppler US
“Deep” oesophageal varices size “Deep” gastric varices size
01 20 1 2
Vmin portal 12.7 ± 5.4 13 ± 6.3 14.1 ± 7.1 10.0 ± 3.0 ∗16.1 ± 7.2 14.1 ± 6.8
Vmax portal 18.3 ± 5.3 20.6 ± 9.4 21.2 ± 10.2 14.8 ± 4.3 ∗∗25.0 ± 9.7 ∗21.3 ± 8.8
Tmax portal 14.8 ± 5.1 17.1 ± 9.0 17.7 ± 9.0 11.8 ± 3.2 ∗∗20.6 ± 7.9 ∗17.9 ± 9.0
Vmin splenic 14.6 ± 5.4 17.6 ± 9.6 16.9 ± 9.7 13.2 ± 5.7 17.7 ± 9.3 17.9 ± 9.5
Vmax splenic 21.8 ± 6.4 26.2 ± 14.4 25.1 ± 10.4 19.4 ± 5.8 a27.6 ±10.4 a26.1 ±12.3
Tmax splenic 17.3 ± 4.7 22.3 ± 11.0 20.1 ± 10.1 15.4 ± 5.0 a22.2 ±8.9 a21.6 ±10.7
Table 3: Correlation coeﬃcient between the diameter of azygous vein/thickness of gastric wall and ﬂow parameters examined in the patients
with liver cirrhosis (n = 42).
feature Coeﬃcient for correlation P value
A z y g o u sv e i nd i a m e t e rv e r s u sV min portal 0.085 0.62
A z y g o u sv e i nd i a m e t e rv e r s u sV max portal 0.170 0.32
A z y g o u sv e i nd i a m e t e rv e r s u sT max portal 0.162 0.34
A z y g o u sv e i nd i a m e t e rv e r s u sV min splenic −0.026 0.88
A z y g o u sv e i nd i a m e t e rv e r s u sV max splenic 0.009 0.95
A z y g o u sv e i nd i a m e t e rv e r s u sT max splenic 0.022 0.89
Gastric wall thickness versus Vmin portal 0.030 0.85
Gastric wall thickness versus Vmax portal −0.86 0.59
Gastric wall thickness versus Tmax portal −0.49 0.76
Gastric wall thickness versus Vmin splenic −0.202 0.20
Gastric wall thickness versus Vmax splenic −0.163 0.31
Gastric wall thickness versus Tmax splenic −0.129 0.43
4. Discussion
Invasive angiographic technique such as HVPG (hepatic ve-
nous pressure gradient) measurement is frequently consid-
ered a gold standard in the study of the anatomy and pres-
sures in patients with liver cirrhosis. Several groups have
shown that patients with varices have a signiﬁcantly higher
HVPG than those without, but no clear correlation between
HVPG and variceal size or bleeding risk has been ﬁrmly es-
tablished[8].Magneticresonance(MR)imagingbymeansof
time-of-ﬂight or phase contrast angiography can both doc-
ument the size and direction of the ﬂow in studied vessels.
Although this is a relatively easy method for the detection of
spontaneous portosystemic collaterals, the pronounced vari-
ation within subjects raised reservation whether this tech-
niquewillsigniﬁcantlycontributestothepredictionofbleed-
ing [8].
The advantage of EUS over upper gastrointestinal tract
endoscopy in detection of features related to portal hyper-
tension has been unequivocally shown in previous studies,
demonstrating 92% sensitivity of EUS in the diagnosis of
portal hypertension as compared to only 58% for upper GI
endoscopy [1]. Despite this, EUS has not become a part of
routine assessment for patients with liver cirrhosis, per-
haps due to its limited availability and lack of properly de-
signed prospective studies that utilize this modality for the
assessment of patients with liver cirrhosis. EUS allows for
visualisationofabnormalvesselsbelongingtointrinsiccircu-
lation, such as perioesophageal varices that are attached to
the muscularis externa of the oesophagus and the paraoeso-
phageal varices that are localized to the surrounding tissue
[13]. Similarly, it allows for the detection of perigastric and
paragastric varices [14]. They are often called “deep” varices
and their presence is of prognostic value.
It has been previously demonstrated that patients with
“deep” varices, a diameter exceeding 5mm, are at higher risk
of variceal recurrence after banding (93% versus 46%) and
bleeding (43% versus 12%) [1, 15, 16]. In our previous study
we have noted the presence of “deep” and potentially danger-
ous varices, which were undetected with routine endoscopy
in a signiﬁcant proportion of patients [3]. Thirty-three per-
cent of subjects with large “deep” gastric varices showed no
varicesonendoscopyand25%hadonlysmallones[3].Thus,
identiﬁcation of patients with large “deep” varices is of clini-
cal importance. Also, an advanced hemodynamic study util-
izing endoscopic color Doppler ultrasonography showed its
potential usefulness in predicting recurrent variceal bleeding
[17].
Abdominal Doppler ultrasound is a widely available,
noninvasive tool that is a backbone in the assessment of pa-
tients with liver cirrhosis. The role of Doppler ultrasound in4 Gastroenterology Research and Practice
the assessment of clinically relevant features of portal hyper-
tension remains controversial. Pleˇ stina et al. suggested that
Doppler ultrasound may be of use in the prediction of the
risk for oesophageal variceal bleeding [18]. However, these
ﬁndings are inconsistent with the results of other studies. For
example, Berzigotti et al. found that color Doppler ultra-
sound played no role in predicting clinically signiﬁcant por-
tal hypertension and oesophageal varices [19]. Also, Cioni
et al. demonstrated the lack of a relationship between the
parameters of portal ﬂow and the risk of bleeding [20], while
Li et al. demonstrated that Doppler ultrasound parameters
of the portal vein exhibited no correlation with the advance-
ment of endoscopic abnormalities in patients with cirrhosis
[12].
We have a long-lasting interest in applying endoscopic
ultrasound for the study of features of portal hypertension
in patients with liver cirrhosis [2, 3, 11, 21]. In this study we
aimed to determine whether simple measurements routinely
assessed during Doppler ultrasound and which include ﬂow
parameters in the portal and splenic vein show any correla-
tion with the features of portal hypertension detected with
endoscopy and EUS. To our best knowledge, this is the ﬁrst
studythatsearchedforapotentialrelationshipbetweenDop-
pler and EUS ﬁndings in these patients.
We found that on endoscopy, the size of oesophageal va-
rices correlated with the diameter but not with the ﬂow pa-
rameters in the portal vein.
We observed no correlation between the Doppler ultra-
sound ﬁndings and EUS regarding “deep” oesophageal vari-
ces. Thus, Doppler ultrasound does not seem to be an alter-
native, noninvasive tool in this respect. However, we also
foundthattherewasasigniﬁcantcorrelationbetweenthesize
of “deep” gastric varices and the ﬂow parameters in the por-
tal vein and a correlation with the ﬂow in splenic vein. Thus,
atleastinthecontextof“deep”gastricvarices,Dopplerultra-
sound ﬁndings could be of importance. Lack of a universal
correlation between portal ﬂow and the presence/size of
“deep” varices should be interpreted in the context of an im-
portant role of hyperdynamic circulation in liver cirrhosis.
Structural changes in cirrhotic liver leading to increased por-
tal pressure are no longer considered a sole underlying cause
of portal hypertension. Indeed, hyperdynamic circulation
withincreasedcardiacoutputanddecreasedperipheralresis-
tance leading to increased vascular ﬂow may be responsible
for the limited correlation between Doppler ultrasound and
EUS ﬁndings. Additionally, hyperkinetic circulation may ex-
ert a negative eﬀect on the decrease of portal pressure related
to the development of collaterals.
In summary, this study demonstrated that EUS provides
important information on portal hypertension in patients
with liver cirrhosis that show limited correlation with basic
ﬂow parameters detected by Doppler ultrasound.
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